Modifications to combination antiretroviral drug therapy (CART) regimens can occur for a number of reasons, including adverse drug effects. We investigated the frequency of and reasons for antiretroviral drug modifications (ADM) during the first 3 years after initiation of CART, in a closed cohort of CART-naïve adult patients who started treatment in the period 1998-2007 in Croatia.
Background
Adverse effects of combination antiretroviral therapy (CART) lead to switching or interruption of HIV therapy and also may affect adherence to prescribed medications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Antiretroviral drug modifications (ADM) due to toxicity have been reported to be associated with many factors: demographic characteristics such as female sex [4] [5] [6] 13, 14] , age [6, 14] , ethnicity [15, 16] , genetics [17] , HIV disease status [4, 6] , type of antiretroviral therapy [4] [5] [6] 14] , and co-morbidities [5] . It has also been reported that toxicity-related ADM are most frequent within the first 3 months of CART [7] . The majority of studies, however, have focused on the first event of ADM [1] [2] [3] [5] [6] [7] [8] 14, 18] .
Croatia is a southeastern European country (population 4.3 million) with a centralized system of care for HIV since the beginning of the epidemic in 1986 . This allows us to analyze ADM on a country level. Croatia has an individualized approach for prescribing CART; however, the availability of drugs and diagnostics is limited, and drugs have become unavailable at times. New drugs are also introduced slowly; for example, there is currently no single-tablet antiretroviral drug combination available, and the combination of fixed dose tenofovir and emtricitabine only became available in June 2010. The majority of southeastern European countries have also an individualized approach to CART with limited options, and currently there are no data concerning both the number of antiretroviral drug modifications and the reasons for these modifications.
The aim of this study was to investigate the frequency of and reasons for ADM, as well as how sex, age, and other risk factors affect ADM during the first 3 years after initiation of CART. We hypothesized that factors associated with drug toxicities are different in the early follow-up period (first 3 months of CART) compared to the period after 3 months of follow-up on a particular CART regimen. We examined a closed cohort of antiretroviral-naïve HIV-infected individuals who started CART in Croatia in the period 1998-2007 and analyzed all ADM occurring in the first 3 years of CART.
Material and Methods

Setting
Although a recent increase in cases of HIV infection has been observed among men who have sex with men (MSM) [19] [20] [21] , Croatia is still considered a country with a low-level epidemic [19, 20, 22] . Health insurance is universal in Croatia and antiretroviral drug therapy became available free of charge in April 1998. An electronic database has been used at the University Hospital for Infectious Diseases (UHID) in Zagreb since 1997.
This database includes all HIV-infected patients under care in Croatia, and data on their basic sociodemographic characteristics, clinical course, and antiretroviral therapy regiments, as well as laboratory findings on CD4 cell count and viral load measurements are available.
Study population
Antiretroviral-naïve patients who were not under care outside Croatia and who started CART between January 1, 1998, and December 31, 2007 and who had at least 1-month follow-up were eligible for the study. We included patients older than 18 years and excluded pregnant women. We also excluded patients in whom CART was initiated during primary infection because treatment in primary infection at the time of the study was given mainly on a theoretical basis and only for a limited time. The study was approved by the Ethics Committee of UHID.
Variables
We defined CART as an antiretroviral drug combination that was likely to suppress HIV-1 RNA to undetectable levels. These initial combinations included 2 nucleoside reverse transcriptase inhibitors (NRTI) in combination with 1 non-nucleoside reverse transcriptase inhibitor (NNRTI) or a protease inhibitor (PI), or 3 NRTIs. We also included patients who started CART with a PI plus NNRTI combination or with 2 PIs, with NRTIs. The type of CART in our analysis was categorized into 2NRTI plus 1PI, 2NRTI plus 1NNRTI, and other combinations. The NRTI backbone was categorized into zidovudine plus lamivudine (ZDV/3TC), stavudine plus lamivudine (D4T/3TC), abacavir plus lamivudine (ABC/3TC), and other.
Treatment modifications included a drug switch or an interruption. Switch was defined as a change of at least 1 drug, where the time between cessation of one drug combination and the initiation of another was ≤1 month and interruption when all drugs were stopped for >1 month. A switch from individual drugs such as ABC and 3TC to the single-pill co-formulation of ABC-3TC was not considered a treatment modification.
We reviewed all records of patients with treatment modifications and classified causes of treatment modification as toxic effects or intolerance, physician's choice, patient's choice, treatment failure, availability of drugs, and other reasons. Toxic effects or intolerance were categorized as gastrointestinal, hepatic, hypersensitivity, CNS, neuropathy, lipoatrophy, lipohypertrophy, and other. Lipoatrophy and lipohypertrophy were assessed subjectively if noticed by the patient and confirmed by the physician. Virologic suppression was defined as achieving a viral load of <400 copies/mL after 12, 24, and 36 months of CART. 
Statistical methods
We described the baseline characteristics of our patients by the median and interquartile range for continuous variables and as frequencies for categorical variables. The baseline data on patients are presented according to the type of ADM: ADM for toxicity reasons, ADM for other reasons, and no ADM. We compared data on basic sociodemographic characteristics (age, sex, distance from HIV center, urban or rural residence, and HIV transmission risks), HIV disease factors (CD4 cell count, HIV-1 RNA viral load, and prior or concomitant AIDS), type of CART, calendar period of CART initiation, and coinfection with hepatitis B or C virus, using the chi-square or Fisher's exact test for categorical variables and the Kruskal-Wallis test for continuous variables.
We calculated the follow-up time in several ways. The followup time ended 3 years after CART initiation for patients who were on CART at that date. If a patient who stopped all medications did not restart CART before 3 years after CART initiation, the period of follow-up ended with the date of interruption. Patients who died or were lost to follow-up were followed from the date of starting CART until the date of death or date of becoming lost to follow-up.
We used Poisson analysis to compute the rate of toxicity, and rate ratios and associated 95% confidence intervals (CI) for different individual drugs, and compared those according to sex. The total number of days on each individual antiretroviral drug was used as a denominator.
We compared treatment success in patients who had no treatment modification to those who had only a switch type or an interruption type of drug modification. It was assessed by the frequency of the viral loads less than 400 copies/ml and the median absolute CD4 cell count at 12, 24, and 36 months; and by the median increase in the CD4 cell count between baseline and 12, 24, and 36 months of CART. The nearest CD4 counts and VL measurements within 3 months of 12, 24, and 36 months after starting CART were identified and used in this analysis. We conducted a generalized estimation equation model analysis to compare treatment success in the 3 above-mentioned groups.
The main outcome in our study was a drug treatment modification because of toxicity or intolerance. The outcome was initially divided into 3 categories (no drug modification, modification due to toxicity or intolerance, and other modification). We used discrete-time regression analysis to model competing risks and repeated events with a month as the interval of time. Thus, when an event occurred, a new episode (sequence) began, and time was reset according to the outcome of the new drug combination. If the new drug combination was not modified further, time (in months) was reset to 1; otherwise, time was reset according to the number of months on treatment with the drug or drug combination that was subsequently changed. The expanded file for discrete-time analysis had 10 615 observations. We compared modifications due to drug toxicity to no treatment modifications in a binary model in which we censored the event of drug modification due to non-toxic reasons. Crude analysis was done including the sequence and time of event (in months) and 1 fixed or time-varying explanatory variable. Fixed explanatory variables were sex, baseline age, HIV transmission group, distance from HIV center (dichotomized at 160 km), and place of residence (rural vs. urban, based on a population level of below or above 40 000 inhabitants), clinical AIDS before or concomitant with CART, calendar year of CART initiation (1998-2002 vs. 2003-2007 ) and seropositivity for hepatitis C and positivity for hepatitis B antigen. Time-varying covariates were type of CART regimen and CD4 cell counts. The CD4 cell count in the discrete time model was matched with the months of measurements, and missing data were extrapolated by carrying the last observation forward. Covariates with a p<0.25 in crude analysis were considered as candidates for inclusion in the multivariable model. Sex, age, and antiretroviral drug combinations were included in all models. We constructed separate models for different follow-up times (0-3 and 3-36 months) on a particular drug regimen. We estimated a complementary loglog model, which is a proportional hazards model allowing interpretation of coefficients in terms of hazard ratios (HR). To assess the proportionality assumption, we examined the interaction of time with each independent variable in all our models and, if significant (p <0.05), the interaction was kept in the model. The dependency among repeated observations was accounted for by robust standard errors. The analysis was done using the statistical software package SAS version 9.3.1 (SAS institute Inc, Cary, North Carolina, USA); the level of significance was set at 0.05.
Results
Baseline characteristics
A total of 321 treatment-naïve patients who started ART in the period 1997 to 2007 were included in our study. The median age at baseline was 40 years, 19% were female, baseline CD4 was <200 cells/mm 3 in 71%, and viral load was ≥100 000 copies/mL in 69% of patients. Baseline characteristics according to type of ADM are shown in Table 1 . At 3 years after initiation of CART, 274 (85%) individuals were still taking CART, 19 (6%) were known to be alive and not taking CART, 24 (7%) were dead, 2 (1%) had moved, and 2 (1%) were considered lost to follow-up.
Drug modifications
A total of 387 ADM were observed. The reasons for ADM were toxicity (including intolerance) in 176 (45.5%), physician's decision in 117 (30.2%), patient's choice in 37 (9.6%), treatment failure in 19 (4.9%), availability in 36 (9.3%), and miscellaneous in 2 (0.5%). Three hundred sixteen (81.7%) of the ADM episodes were switches, and 71 (18.3%) were interruptions. The total follow-up time of persons on CART was 852.4 years, and the median follow-up time per patient was 3 (IQR, 2.9-3.0) years. During the 3-year follow-up, there were 50 instances of restarting an interrupted antiretroviral regiment.
The 387 ADM involved 220 (68.5%) of the 321 patients in our study (1.8 ADM per patient); 124 (39%) had ≥1ADM for toxicity reasons. Lipoatrophy (22%), gastrointestinal symptoms (20%), and neuropathy (18%) were the most common causes of toxicity-related ADM.
Of 852.4 years follow-up on CART, patients spent the most time on the following drugs or drug combinations: ZDV plus 3TC (450.1 years, 52.8%, n=212), d4T plus 3TC (193. 5 and indinavir (IND) or indinavir plus ritonavir (IND/r) (146.3 years, 17.2%, n=84). We calculated the rate of ADM for toxicity reasons per 100 patient-years for each individual drug. As expected, d4T was associated with the highest rate of toxicity-ADM. There were also differences in toxicity-related drug modifications between males and females ( Table 2) . Of individual drugs, ZDV and NVP were more frequently switched or interrupted for toxicity reasons in women than in men (Table 2) .
Of 176 drug modifications due to toxicity, 165 (94%) were single-drug changes. More frequent single-drug substitutions because of toxicity included d4T (59 events), ZDV (25 events), IND (25 events), and EFV (24 events). Of 117 drug modifications due to physicians' suggestion, 98 (84%) were single-drug changes; the most frequent single-drug changes involved d4T (45 events), IND (17 events), and zalcitabine (ddC) (13 events). Drug changes because of patient's decision (37 events) were more frequently interruptions (32, 86%) and hence involved more than 1 drug 31 times. Changes because of drug availability occurred 36 times and included single-drug substitutions in 27 (75%) instances. Most of those changes occurred in 1999 (24 events) and included substitutions for 3TC (16 events).
Factors related to drug toxicity
Results from crude and multivariable discrete time recurrent event regression analyses of predictors of ADM are presented in Tables 3 and 4 . Of the 176 toxicity-related ADM, 55 (31.3%) occurred during the first 3 months of a particular CART regimen involving 52 patients, and 121 (68.7%) events among 90 patients occurred after more than 3 months of CART. Female sex and older age were associated with toxicity-related drug modifications in the first 3 months of a particular CART regiment, but afterwards they were not. As expected, nucleoside backbones such as ABC+3TC and ZDV+3TC had an overall lower risk of toxicity-related modification; however, this was not the case during the first 3 months of therapy on a particular drug regimen. Because of concerns about collinearity, the period of 
Virologic and immunological outcomes
Virologic efficacy (defined as achieving an HIV-1 RNA load of less than 400 copies/mL) was highest among patients with no CART changes and lowest among patients with interruption of CART (Table 5) . Immunological responses (defined as the increase in the CD4 cell count from baseline and the absolute CD4 cell count) significantly improved between 12 and 36 months in patients with no CART change and those who had only switches, but there was no improvement in patients interrupting CART. The increase in CD4 cell count was greater in patients with no CART change compared to patients with switch-type only drug modifications.
Discussion
We found that CART modifications were frequent in Croatia; more than two-thirds of patients changed CART during the first 3 years of therapy. In the Eurosida study, which included patients starting CART predominantly between 1999 and 2002, 70% of patients remained on their original regimen at 1 year after starting CART [3] , whereas in our study only 50% (42% for the study period 1998-2002 and 54% in years [2003] [2004] [2005] [2006] [2007] were on the initial CART regiment after 1 year of therapy. The 1-year probability of drug change in the Swiss cohort was 37% in CART-naïve patients starting therapy during 1995-1998 and between 43.8% and 48.8% in the period 2000-2005 [1] . Higher short-term CART modification rates have also been reported in vulnerable populations such as younger individuals, African-Americans, injection drug users, and patients lacking private health insurance [14] . In our study only 5% of drug changes were due to virologic failure; hence, we confirmed previous findings from developed countries that the major cause for drug modifications is toxicity and not virologic failure [1] [2] [3] [4] [5] [6] 8, 23] . In resource-limited settings, rates of drug modifications are lower and more frequently driven by virologic failure [24, 25] .
Thirty-nine percent of our patients had toxicity-related ADM during the first 3 years of CART; 25% had a change during the first year of follow-up. This is higher than in individuals from the Swiss cohort starting therapy between 2005 and 2008, in which 15.8% of individuals modified their treatment because of drug intolerance/toxicity during the first year of CART, [6] and is also higher than the 16% reported in the Eurosida cohort [3] . Data from the ICONA cohort from Italy, including patients starting therapy between 1997 and1999, found treatment discontinuation caused by toxicity in 21% of individuals [4] . The follow-up study from the same cohort included patients from 1997 to 2007 and reported a probability of discontinuation because of intolerance/toxicity of 23.2% at 1-year of follow-up [5] . In resource-limited settings, ADM because of toxicity are less frequently done. For example, the cumulative probability of changes at 2 years due to toxicity in first-line regimens in Switzerland was 23.8%, compared to 11.7% in the townships of Khayelitsha and Gugulethu in Cape Town, South Africa [25] .
Several observational studies have found that females have a higher toxicity rate of CART modifications than males [3] [4] [5] [6] 14] . Our findings were similar, but we also showed that there is Table 4 . Multivariate analysis of factors related to toxicity drug modifications.
Adjusted for time sequence and in the 3 to 36 months follow-up model also for the CD4 cell count (not significant) and distance from HIV center (not significant). HR -hazard ratio; CI -confidence interval; ABC -abacavir; 3TC -lamivudine; D4T -stavudine; ZDV -zidovudine; NRT -nucleoside reverse-transcriptase inhibitor; NNRT -nonnucleoside reverse-transcriptase inhibitor; PI -protease inhibitor. a time-dependent effect and that the average hazard rate of treatment changes due to toxicity after 3-months on a particular CART regiment is similar in males and females. Regimens that contained ZDV or NVP were associated with higher risk of modification for toxicity reasons in women than in men, which is also in accordance with previous findings [26] [27] [28] [29] . The effect of age on toxicity-related CART modifications has been examined in a number of studies, which have reported various findings, possibly because of the diverse populations analyzed. A single-center study from London in 2001 showed that older patients were less likely to modify CART [30] . A study in vulnerable populations from Birmingham, Alabama, USA also found that younger age was a risk factor for treatment discontinuation due to non-gastrointestinal toxicity [14] . Similar to our findings, in the Swiss cohort older age was associated with higher risks of toxicity-related ADM during the first year of CART [6] . There have also been studies that did not find that age was a factor for toxicity-driven CART modifications [5] . In our study, older patients had a higher risk of treatment changes due to toxicity in the first 3 months on a particular CART regiment; however, afterwards the average hazard ratio of treatment changes due to toxicity was not associated with age (Tables 3 and 4) .
Results of our study in the crude analysis suggest that patients who started CART with an NNRTI-based regimens compared to a PI-based regimen had a higher risk of treatment modification within the first 3 months after CART initiation. This is in concordance with the adverse effects of EFV (central nervous toxicity) and NVP (rash and hepatotoxicity), which typically occur more frequently at initiation of CART. After about 12 months of therapy, patients on a PI-based regimen tended to have a higher risk of treatment change because of toxicity (Tables 3 and 4) . PI-based regimens in our study population were mainly the use of IND with or without ritonavir and LPV, and to a lesser extent nelfinavir. We were not able to find a difference between different nucleoside backbones during the first 3 months of therapy. However, afterwards, as expected, d4T use was associated with a higher toxicity rate compared to ABC and ZDV use.
The toxicity rates causing treatment modifications of individual antiretrovirals has not been widely reported. We found a toxicity rate in men for d4T and LPV modifications (32 events per 100 years of follow-up, and 4.7 events per 100 years of follow-up, respectively) similar to cohorts from Chelsea and Westminster in London (30.5 events per 100 years of follow-up and 4.7 events per 100 years of follow-up, respectively) [23] . The toxicity rate of drug modifications for other antiretrovirals (ABC, ddI, NVP, EFV) was somewhat higher in our study populations. The largest difference was in the toxicity rate drug modifications due to ZDV, which was much more frequently changed in men from London (rate 22.7 per 100 years of follow-up) compared to men from Croatia (5.1 per 100 years of follow-up). However, in the study from London, it could not be assessed whether patients switched ZDV because they actually had lipoatrophy or patients switched to prevent lipoatrophy. Also, patients in Croatia are usually not switched if mild anemia is present, which might not have been the case in London.
Since the majority of patients in our study had a low baseline CD4 cell count and had generally advanced HIV infection, it is not surprising that patients who interrupted CART had worse virologic and immunologic outcomes compared to patients with no treatment modifications or switch-type modifications. When patients with no treatment modification were compared to patients with only switch-type modifications, we observed slightly better outcomes in patients with no treatment changes at 36 months of follow-up. However, because of the relatively small number of patients under study, we should be cautious in making a firm conclusion. Many switches and simplification strategies are available and are generally considered safe in virologically-suppressed individuals [31] .
Our study has limitations. For example, the reason for ADM may be multifactorial, but we selected the one considered predominant. We investigated the toxic effects of CART by the occurrence of treatment modification, and some patients choose to stay on treatment despite adverse effects, so the true incidence of toxicities of a particular drug was not estimated. Whether patients stop or change their CART may be influenced by the number and availability of drugs. Our study included only a few patients with a nucleoside backbone of TDF plus FTC, a backbone that is currently widely used in many countries. However, in southeastern European countries such as Croatia and Serbia, TDF and TDF plus FTC have been introduced only after a long delay and are still not widely used.
We used a repeated time-to-event analysis, which may provide more power and more efficient coefficients. However, setting the follow-up time is challenging because out of 3 antiretroviral drugs used, only 1 is usually changed. The strength of this single-center clinic-based study is that all patients in Croatia were included and that the collected data were complete, with almost no patients lost to follow-up. 491
